Abstract -In this paper, we propose a simple but effective image prior--symmetry partial derivative distribution to detect power lines in aerial image for UAVs. The symmetry partial derivative distribution is a kind of statistics of the images. It is based on a key observation-most nature images have symmetry partial derivative distributing. Based on this prior knowledge, we use radon transformation in partial derivative image and recognize the power lines in the aerial image. The experiment results demonstrate our method is effective for automatic power line detection.
I. INTRODUCTION
Surveillance and maintenance of electrical infrastructure is a critical issue for the reliability of electricity transmission. Unmanned Aerial Vehicle (UAVs) provides a cheap and flexible way to gather spatial data from power line corridors. Overhead power line inspection in remote and rural areas is an ideal application for UAVs [1] . In order to achieve automatic power line surveillance and inspection using UAVs, a power line detection method is required.
Automatic power line detection from aerial images is a challenging task because the background is complex and the power line is weak in aerial images. The related works are limited. Some work on the visual control of an UAV for power line inspection has been simulated in a laboratory test [2] . They proposed an automatic power line detection method based on Hough transform, but the approach was just a simulation of straight line detection and not evaluated in real image data. For the real aerial image, most of the related research recognized the power line after the liner object enhancement or edge extraction. Reference [3] proposed a power transmission line detection methods, they use the method proposed in [4] [5] to extract the linear object, then detect the power line in each sub-block and connect them by kalman filter. Li et al. [1] proposed a toward automatic power line detection for surveillance system using pulse coupled neural filter and Hough transform. They removed the background noise and generate edge map use PCNN, and an improved Hough transform was applied find parallel lines in Hough space as the detection results. Hessian matrix analyse was used for liner object enhancement [6] , reference [7] used this Hessian method to enhance power lines and detection them by radon transforms. The above methods work well when the power lines are clearly distinct from the background, but these may fail when the complicated background submerges the power lines. Figure 1 shows an aerial image with power lines and its edge map extracted by canny method. In the edge map image, the background noise is particularly serious and submerged power line which should been detected. The power line couldn't be detected using the existing algorithms in this kind of field background aerial images. In this paper, we use a new prior-symmetry partial derivative distribution to detect power lines in field background aerial image, especial for the weak power lines. According to this prior knowledge and the linear character of power line, we implement radon transform on partial derivative image, and find the power lines in the radon matrix by clustering.
The remainder of this paper is organized as follows: in section 2 we introduce the symmetry derivative distribution prior; in section 3 we detailed our power line detection method based on the prior knowledge and radon transform; in section 4 we present the detection results of our method in some challenging aerial images. We conclude in section 5.
II. SYMMETRY DERIVATIVE DISTRIBUTIONS
The symmetry partial derivative distribution prior is based on the following observation on derivative distributions of nature object images: In most of the nature images, the first order derivative distributions are almost symmetry. Formally, for an image I , we define G as its partial derivative map, (1) G is calculated by the following formula: 
Higher value of V means better symmetry. Figure 3 is the V value histogram of the collected images. We can see that about more than a half of the images' V value is above 0.98, 86﹪ of the images' V value is above 0.95 and only one image's V value lower than 0.9. This statistic gives a strong support to our symmetry derivative distribution prior.
Visually, the symmetry partial derivative distribution prior is a rough approximation, it means in most of nature images, the first order partial derivative value satisfied some statistical regularities, we use this rules for power line detection. 
A. The Radon Transform Algorithm
In a Euclidean plane, a straight line can be represented by a distance  and a direction  from the x axis in an x-y plane as is shown in Fig.5 , and is defined as follow:
Based on the definition, the RT method converts a difficult global detection problem in the image domain into a more easily solved local peak detection problem in the parameter domain [8] . The formula of the RT that is utilized to detect a line is:
Where, the D is denoted the x-y image plane, the ( , ) I x y is the gray scale of each pixel, the  is the Dirac delta function that forces the integration of ( , ) I x y along a straight line.
Fig 5 The Radon Transform
In mathematics, the Radon transform in two dimensions is the integral transform consisting of the integral of a function over straight lines. Figure 6 shows an image and its radon transform result. As shown in the result, a straight line in image corresponds to a peak in radon transform result ) , ( 
  R
, there are four lines in this image, and four peak points in radon transform result. According to these characters, the power lines are detected as following steps:
of the image use formula 1: Fig 9 (b) shows the G map of an aerial image, red is positive part and blue is negative part.
2) Calculate the radon matrix ) , ( Table I gives the accuracy compare of these method in the samples. It can be shown that our method does the best work in power lines detection in aerial image, especial for the weak lines.
 
V CONCLUSION In this paper, a simply but effective power line detection method based on symmetric partial derivative distribution prior is proposed. The symmetric derivative prior is a statistical regularity of nature images, we use it in the radon transform for line detect. Beside this, the power lines are detected in radon transform result according to the parallel character. The experimental results validate the effectiveness of this method.
Our work also has its limitation, only the straight lines will be detected by our method. While the power line are not ideal straight lines, therefore a power line can be detected as two straight lines or two power lines are merged into one because they are too close to each other. Our future work will focus on detecting power line with a kind of bottom-up approach, in order to improve the defects of the current method.
